
US 20090177347Al 

(12) Patent Application Publication (10) Pub. N0.: US 2009/0177347 A1 
(19) United States 

Breuer et al. (43) Pub. Date: Jul. 9, 2009 

(54) VEHICLE DRIVER ASSISTANCE SYSTEM Publication Classi?cation 
AND METHOD (51) Int CL 

B60T 8/32 (2006.01) 
(76) Inventors: Karsten Breuer, Lauenau (DE); (52) US. Cl. ........................................................ .. 701/29 

Thomas Dieckmann, Pattensen (57) ABSTRACT 
(DE); Guido Hoffman, Hannover 
(DE) 

Correspondence Address: 
KRAMER LEVIN NAFTALIS & FRANKEL LLP 
INTELLECTUAL PROPERTY DEPARTMENT 
1177 AVENUE OF THE AMERICAS 
NEW YORK, NY 10036 (US) 

(21) Appl. No.: 12/317,111 

(22) Filed: Dec. 19, 2008 

(30) Foreign Application Priority Data 

Jan. 4, 2008 (DE) .................... .. 10 2008 003 194.1 

A driver assistance system includes a sensor for sensing the 
speed of a ?rst vehicle equipped With the system, a sensor for 
detecting a vehicle traveling ahead, a sensor for determining 
the speed of the vehicle ahead, at least one driving-data sensor 
for sensing driving data characteristics, and an electronic 
controller programmed to trigger autonomous braking of the 
?rst vehicle When predetermined brake-trigger driving data 
exist, and to end the autonomous braking When predeter 
mined driving data for terminating braking exist. In effecting 
termination of autonomous braking, the electronic controller 
is programmed to determine Whether the sensor for detecting 
vehicles ahead is transmitting signals (i.e., is operational) but 
is not detecting any vehicle traveling ahead, and, if the sensor 
is operational and no vehicle traveling ahead is detected, to 
terminate autonomous braking When the speed of the ?rst 
vehicle is less than the most recently determined speed of the 
vehicle ahead. 
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VEHICLE DRIVER ASSISTANCE SYSTEM 
AND METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an 
improved vehicle driver assistance system and method. 

BACKGROUND OF THE INVENTION 

[0002] Driver assistance systems, especially for trucks, are 
used to reduce the severity of accidents or to avoid accidents 
entirely through autonomous brakingiWhich may also be 
partial brakingishortly before any impending collision With 
vehicles traveling ahead. In order to generate the necessary 
signals for triggering the autonomous braking, a sensing 
device for detecting vehicles traveling ahead is utiliZed. 
[0003] A disadvantage of conventional driver assistance 
systems is that autonomous braking can be prematurely ter 
minated. This can increase the danger of collision and the 
intensity of any collision. 

SUMMARY OF THE INVENTION 

[0004] Generally speaking, the present invention provides 
an improved vehicle driver assistance system and method 
Which overcome disadvantages associated With conventional 
driver assistance systems. 
[0005] In accordance With embodiments of the present 
invention, a vehicle driver assistance system (Which, for ease 
of discussion, Will hereinafter be described in the context of a 
truck implementation, but is not necessarily limited to truck 
implementations, as the inventive driver assistance system 
can have application in a variety of vehicle types) includes (a) 
a sensor for sensing the speed of the truck, (b) a sensor for 
detecting a vehicle traveling ahead of and in the path of the 
truck, (c) a sensor for determining the speed of the vehicle 
traveling ahead, (d) at least one driving-data sensor for sens 
ing driving data characteristics of a driving condition of the 
truck, and (e) an electronic controller programmed (or hard 
Wired) to trigger autonomous braking of the truck When pre 
determined brake-trigger driving data exist, and to end the 
autonomous braking When predetermined driving data for 
terminating braking exist. In terminating autonomous brak 
ing, the electronic controller is further programmed (or hard 
Wired) to ascertain Whether the sensor for detecting vehicles 
traveling ahead is transmitting signals (i.e., is operational) but 
is not detecting any vehicle traveling ahead, and, if the sensor 
is, indeed, operational and no vehicle traveling ahead is 
detected, to terminate autonomous braking When the truck’s 
speed is less than the most recently determined speed of a 
vehicle traveling ahead (Which can be before the truck is 
brought to a standstill). 
[0006] Accordingly, it is an object of the present invention 
to provide a vehicle driver assistance system and method that 
avoid premature termination of autonomous braking. 
[0007] Still other objects and advantages of the present 
invention Will in part be obvious and Will in part be apparent 
from the speci?cation. 
[0008] The present invention accordingly comprises the 
several steps and the relation of one or more of such steps With 
respect to each of the others, and embodies features of con 
struction, combination of elements, and arrangement of parts 
Which are adapted to effect such steps, all as exempli?ed in 
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the detailed disclosure hereinafter set forth, and the scope of 
the invention Will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a fuller understanding of the invention, refer 
ence is had to the folloWing description taken in connection 
With the accompanying draWing in Which: 
[0010] FIG. 1 is a schematic vieW of a truck equipped With 
a driver assistance system in accordance With an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] A vehicle (e.g., truck) driver assistance system in 
accordance With embodiments of the present invention 
includes (a) a sensor for sensing the speed of the truck, (b) a 
sensor for detecting a vehicle traveling ahead of and in the 
path of the truck, (c) a sensor for determining the speed of the 
vehicle traveling ahead, (d) at least one driving-data sensor 
for sensing driving data characteristics of a driving condition 
of the truck, and (e) an electronic controller adapted (i.e., 
programmed or hard-Wired) to trigger autonomous braking of 
the truck When predetermined brake-trigger driving data 
exist, and to end the autonomous braking When predeter 
mined driving data for terminating braking exist. In effecting 
the termination of autonomous braking, the electronic con 
troller is further adapted to effect the steps of (i) ascertaining 
Whether the sensor for detecting vehicles traveling ahead is 
transmitting signals (i.e., is operational) but is not detecting 
any vehicle traveling ahead, and, if the sensor is operational 
and no vehicle traveling ahead is detected, (ii) ending autono 
mous braking When the truck’s speed is less than the most 
recently determined speed of a vehicle ahead. 
[0012] An advantage of the inventive system and method is 
that roll, yaW and/or pitch do not lead to the undesired termi 
nation of autonomous braking. In particular, trucks frequently 
roll, yaW and/or pitch so strongly during autonomous braking 
that the sensor for detecting vehicles traveling ahead may no 
longer carry out its function. In such an already critical situ 
ation it is advantageous to continue autonomous braking until 
the speed of the truck is less than the most recently deter 
mined speed of the vehicle ahead. The reduction in the truck’s 
kinetic energy can either enable the truck to avoid a collision 
With a vehicle ahead or lessen the severity of a collision. 
[0013] If the process steps effected by the controller in 
accordance With the present invention are continually 
repeated at short time intervals, such as, for example, less than 
one tenth of one second, braking can be terminated immedi 
ately after the truck’s speed has dropped beloW the most 
recently determined speed of a vehicle ahead, i.e., before the 
truck is brought to a standstill. In this Way, the truck is not 
braked to a standstill if the vehicle ahead has braked heavily 
but only for a short time and then, for example, changes lanes, 
ends its braking or accelerates. 
[0014] The sensor for sensing the speed of the truck can be 
a tachometer or tachograph, for example. 
[0015] The sensor for detecting a vehicle traveling ahead of 
and in the path of the truck can be any sensor that is suited to 
the task. Preferably, this sensor can additionally sense data 
from Which the speed of the vehicle traveling ahead relative to 
the truck can be determined4e.g., by measuring the distance 
from the truck to the vehicle ahead at regular time intervals. 
This sensor can comprise a multi-beam laser sensor, for 
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example. Alternatively or additionally, this sensor can com 
prise a video camera. If both a video camera and a laser sensor 

are utilized, salutary redundancy can be achieved. 
[0016] The sensor for determining the speed of the vehicle 
traveling ahead should be capable of receiving electrical sig 
nals from the sensor for sensing the speed of the truck (speed 
data) and the sensor for detecting the vehicle traveling ahead 
(time-dependent distance data), respectively, and of calculat 
ing therefrom the speed of the vehicle traveling ahead. Thus, 
the speed of the vehicle traveling ahead can be obtained as the 
vector sum of the vehicle speed and the relative speed 
betWeen the truck and the vehicle traveling ahead (the relative 
speed can be sensed by means of a radar sensor using the 
Doppler effect). The sensor for determining the speed of the 
vehicle traveling ahead can, but need not be, part of the 
electronic controller. 
[0017] As discussed above, the driver assistance system 
according to embodiments of the present invention includes 
one or more driving-data sensors. In addition to the sensor for 

determining the truck’s speed (e.g., a tachometer), the driv 
ing-data sensor(s) can include yaW-rate and deceleration/ 
acceleration sensors, as Well as video cameras and laser sen 
sors. 

[0018] As indicated above, the electronic controller deter 
mines Whether the sensor for detecting a vehicle traveling 
ahead is transmitting signals. This means that the controller is 
adapted (i.e., programmed or hard-Wired) to determine 
Whether this sensor is functioning properly and is not func 
tionally impaired. That is, to prove that the sensor for detect 
ing a vehicle ahead is transmitting signals, it is merely nec 
essary that this sensor is capable in principle of detecting the 
vehicle ahead even if, due to roll, yaW and/or pitch of the 
truck, for example, the vehicle ahead cannot actually be 
sensed. Thus, this controller functionality can also be 
described as determining Whether the sensor for detecting a 
vehicle ahead has lost its targetimeaning that the sensor is 
indeed functioning properly, but, because of the movement of 
the truck or traf?c conditions, it is no longer capable of 
correctly recogniZing a vehicle actually traveling ahead. 
[0019] Also, as indicated above, autonomous braking is 
ended When the sensor for detecting a vehicle traveling ahead 
is transmitting signals and is therefore functional, but is not 
sensing any vehicle ahead (one cause of this can be roll, yaW 
and/or pitch of the truck). The controller checks the truck’s 
speed at short time intervals, Which can be shorter than one 
tenth of one second, for example, and, When the truck’s speed 
is less than the most recently determined speed of a vehicle 
ahead, the controller terminates the autonomous braking, 
unless termination is overridden, as described hereinafter. 
[0020] In one embodiment of the present invention, after 
autonomous braking has been triggered and When the sensor 
for detecting a vehicle traveling ahead is determined to be 
non-functional or functionally impaired, the electronic con 
troller is adapted to permit autonomous braking to continue 
(to override the termination of autonomous braking) until the 
truck is at a standstill. The sensor for detecting a vehicle 
traveling ahead is to be understood as functionally impaired if 
it Would not be capable, even under optimal conditions, of 
sensing a vehicle traveling ahead (e. g., if the truck has already 
collided With the vehicle ahead and the sensor has been 
destroyed as a result). 
[0021] The electronic controller can also be adapted to 
determine the deceleration of a vehicle traveling ahead. In this 
case, it is possible to use, as the most recently determined 
speed of the vehicle ahead, an extrapolated speed of the 
vehicle ahead Which is calculated under the assumption of 
constant deceleration. For this purpose, the time at Which it 
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Was last possible to determine the speed of the vehicle ahead 
correctly is determined, and the difference betWeen that time 
and the current time is calculated. This represents the time 
interval that has elapsed since it Was last possible to determine 
the speed of the vehicle ahead. The speed of the vehicle ahead 
is then recalculated from this time and the most recently 
measured deceleration of the vehicle ahead. 
[0022] Referring noW to the accompanying draWing ?gure, 
FIG. 1 depicts a truck 10, Which has a front end 12 and is 
traveling in a driving direction F on a schematically indicated 
roadWay. A vehicle 16 driving ahead of and in the path of 
truck 10 can be sensed With a sensor 14, e.g., a video camera 
having a vieWing ?eld G. Sensor 14 is con?gured to not only 
sense vehicle 16, to deliver information as to Whether a 
vehicle traveling ahead is present at all, but also to determine 
a distance “A” betWeen front end 12 of truck 10 and a rear end 
ofvehicle 16. 
[0023] Truck 10 additionally comprises a sensor 18 for 
determining the truck’s speed, e.g., a tachometer. Sensor 18 
represents a driving-data sensing device that senses driving 
data in the form ofa speed VP of truck 10. 
[0024] Truck 10 additionally comprises a yaW-rate sensor 
20 and a deceleration sensor 22, Which can, for example, be 
part of a vehicle airbag system. YaW-rate sensor 20 and decel 
eration sensor 22 are also driving-data sensors (sensing driv 
ing data in the form of a yaW rate and a deceleration/accel 
eration, respectively). 
[0025] Driving-data sensors 18, 20, 22 are connected via 
electrical lines With an electronic controller 24. Electronic 
controller 24 includes a device 26 for determining the speed 
of a vehicle traveling ahead, Which device is connected via 
electrical lines to video camera 14 and a laser sensor 28 in the 
form of a multi-beam laser sensor. It should be appreciated 
that laser sensor 28 is relatively more important than video 
camera 28 as regards functioning of the embodiment of the 
inventive driver assistance system depicted in FIG. liin 
deed, video camera 28 is not essential. 
[0026] Within a time interval of 100 ms, for example, 
device 26 for measuring the speed of the vehicle ahead senses 
measured data of video camera 14 and/or of laser sensor 28 
and calculates therefrom the distance A to vehicle 16. From 
changes in distance A, it additionally calculates the relative 
speed vrela?ve betWeen truck 10 and vehicle 16. Electronic 
controller 24 determines the speed vv of vehicle 16 by adding 
the driving speed vK vector to the re ative speed vrelan-ve vec 
tor. Alternatively, device 26 for determining the speed of the 
vehicle ahead is a Doppler radar sensor, With Which the rela 
tive speed vrelan-ve is determined directly via the Doppler 
effect. 
[0027] If electronic controller 24 senses, from one of the 
driving-data sensors 18, 20, 22, 14 or 28, driving data that 
correspond to predetermined brake-trigger driving data, it 
triggers autonomous braking of truck 10. The predetermined 
brake-trigger driving data are stored in a digital memory 30 of 
electronic controller 24. Autonomous braking is triggered 
When electronic controller 24 activates service brakes 32.1, 
32.2, 32.3, 32.4 to brake truck 10 independently ofinputs of 
a vehicle operator. It is also possible for one or more service 
brakes, such as, for example, six, to be present. 
[0028] During autonomous braking, electronic controller 
24 continually monitors the driving data of driving-data sen 
sors 14, 18, 20, 22, 28, compares them With braking-termi 
nation driving data stored in digital memory 30 and termi 
nates autonomous braking When the driving data correspond 
to the braking-termination driving data. 
[0029] During operation of truck 10, electronic controller 
24 senses the speed vv/(t) of vehicle 16 at regularly succeed 



US 2009/0177347 A1 

ing instants t1, t2, . . . and saves them in digital memory 30. If 
autonomous braking is triggered, electronic controller 24 
determines Whether video camera 14 or laser sensor 28 are 
transmitting signals that indicate Whether the systems are 
functioning. If electronic controller 24 determines at an 
instant tn that video camera 14 and laser sensor 28 are indeed 
operational, but are not sensing any vehicle traveling ahead, it 
reads the most recently stored speed vv/(tWl) of the vehicle 
ahead out of digital memory 30 and ends the autonomous 
braking When the vehicle speed vK is sloWer than the most 
recently measured speed vv/(tWl) of the vehicle ahead. 
[0030] If, after triggering autonomous braking, electronic 
controller 24 does not sense any kind of signals from video 
camera 14 or laser sensor 28, the electronic controller over 
rides termination of the autonomous braking until truck 10 is 
at a standstill. That is, the autonomous braking is continued 
until the truck is at a standstill. Thereafter, it is possible to 
continue holding service brakes 32 in braking position. Alter 
natively, it is possible to release the service brakes. 
[0031] Accordingly, the present invention provides a 
vehicle driver assistance system that avoids premature termi 
nation of autonomous braking. In addition to a hard-Wired 
solution, it should be appreciated that the present invention 
can be readily implemented in existing vehicle driver assis 
tance systems through software modi?cation (the program 
ming techniques being Within the ken of those of ordinary 
skill in the art). 
[0032] It Will thus be seen that the objects set forth above, 
among those made apparent from the preceding description, 
are e?iciently attained, and since certain changes may be 
made in carrying out the above method Without departing 
from the spirit and scope of the invention, it is intended that all 
matter contained in the above description or shoWn in the 
accompanying draWing shall be interpreted as illustrative and 
not in a limiting sense. 
[0033] It is also to be understood that the folloWing claims 
are intended to cover all of the generic and speci?c features of 
the invention herein described and all statements of the scope 
of the invention Which, as a matter of language, might be said 
to fall therebetWeen. 
What is claimed is: 
1. A driver assistance system for a vehicle, comprising 
a ?rst sensor constructed and arranged to sense the speed of 

said vehicle; 
a second sensor constructed and arranged to sense a second 

vehicle traveling ahead of said vehicle; 
a third sensor constructed and arranged to determine the 

speed of said second vehicle; and 
an electronic controller adapted to (i) trigger autonomous 

braking of said vehicle based on preselected data for 
triggering braking, (ii) determine the operational condi 
tion of said second sensor, and (iii) terminate autono 
mous braking of said vehicle When (a) said second sen 
sor is operational but is not sensing said second vehicle 
or any other vehicle ahead of said vehicle and (b) the 
speed of said vehicle is less than the most recently deter 
mined speed of said second vehicle. 

2. The driver assistance system according to claim 1, 
Wherein said second sensor is adapted to sense a distance 
betWeen said vehicle and said second vehicle. 

3. The driver assistance system according to claim 2, 
Wherein said third sensor is adapted to (i) receive the speed of 
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said vehicle from said ?rst sensor, (ii) receive said distance 
from said second sensor and (iii) calculate the speed of said 
second vehicle from said speed data and said distance data. 

4. The driver assistance system according to claim 1, 
Wherein said controller is further adapted to override the 
termination of autonomous braking of said vehicle until said 
vehicle is at a standstill When said second sensor is non 
operational. 

5. The driver assistance system according to claim 1, 
Wherein said third sensor is a Doppler radar sensor. 

6. The driver assistance system according to claim 1, fur 
ther comprising at least one driving-data sensor for sensing 
driving data characteristics of a driving condition of said 
vehicle. 

7. The driver assistance system according to claim 6, 
Wherein said at least one driving-data sensor is at least one of 
a yaW-rate sensor and a deceleration sensor. 

8. The driver assistance system according to claim 1, 
Wherein said second sensor is at least one of a multi-beam 
laser sensor and a radar sensor. 

9. The driver assistance system according to claim 8, 
Wherein said radar sensor is a Doppler radar sensor. 

10. The driver assistance system according to claim 1, 
Wherein said second sensor includes a video camera. 

11. The driver assistance system according to claim 1, 
Wherein said electronic controller is adapted to continually 
execute, during autonomous braking of said vehicle, (i) moni 
toring of the operational condition of said second sensor and 
(ii) termination of autonomous braking of said vehicle When 
said second sensor is operational but is not sensing said sec 
ond vehicle or any other vehicle ahead of said vehicle, and the 
speed of said vehicle is less than the mo st recently determined 
speed of said second vehicle. 

12. A vehicle, comprising a driver assistance system 
according to claim 1. 

13. In a vehicle including a driver assistance system having 
a ?rst sensor constructed and arranged to sense the speed of 
said vehicle, a second sensor constructed and arranged to 
sense a second vehicle traveling ahead of said vehicle, a third 
sensor constructed and arranged to determine the speed of 
said second vehicle, and an electronic controller adapted to 
trigger autonomous braking of said vehicle based on prese 
lected data for triggering braking, a method for avoiding 
premature termination of autonomous braking, comprising 
the steps of (i) determining the operational condition of said 
second sensor, and (ii) terminating autonomous braking of 
said vehicle When (a) said second sensor is operational but is 
not sensing said second vehicle or any other vehicle ahead of 
said vehicle and (b) the speed of said vehicle is less than the 
most recently determined speed of said second vehicle. 

14. The method according to claim 13, further comprising 
the step of overriding termination of autonomous braking of 
said vehicle until said vehicle is at a standstill When said 
second sensor is non-operational. 

15. The method according to claim 13, Wherein said steps 
of (i) determining the operational condition of said second 
sensor, and (ii) terminating autonomous braking of said 
vehicle When (a) said second sensor is operational but is not 
sensing said second vehicle or any other vehicle ahead of said 
vehicle and (b) the speed of said vehicle is less than the most 
recently determined speed of said second vehicle are effected 
continually during autonomous braking of said vehicle. 

* * * * * 


